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abstract This thesis introduces novel methodologies for enhancing defect
classification and characterization in advanced composite materials by leveraging state-
of-the-art machine learning (ML), deep learning (DL), and federated learning (FL)
techniques within ultrasonic and acoustic emission (AE) inspection environments. First,
a new ultrasonic dataset (UNDT), comprising 1,150 images from 60 distinct composite
materials, is introduced. Applying transfer learning methods to both the UNDT and a
publicly available dataset demonstrates the efficacy of advanced neural architectures—
such as DenseNetl121 and VGG19—achieving accuracy rates up to 98.8% and 98.6%,
respectively. Next, the scope is extended to AE-based health monitoring by introducing
an ensemble feature selection methodology to identify features strongly correlated with
damage modes. By selecting amplitude and peak frequency for labeling and
subsequently applying unsupervised clustering, the analysis confirms that both
traditional AE features (e.g., counts and energy) and less commonly employed features
(e.g., partial powers) correlate with distinct defect types. Finally, a novel FL framework
is introduced to address the scarcity of publicly available, real-world ultrasonic datasets.
This decentralized approach preserves data privacy while maintaining performance
levels comparable to centralized methods, ensuring scalability and confidentiality in
diverse data environments. Overall, these contributions significantly advance the field
of NDT, offering robust defect classification and characterization. In doing so, the
findings not only improve the accuracy and reliability of material integrity assessments
but also lay a durable foundation for more secure, collaborative, and efficient NDT
systems.
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0zet Bu tez, gelismis kompozit malzemelerde kusur simflandirma ve
karakterizasyonunu iyilestirmek amaciyla, ultrasonik ve akustik emisyon muayene
ortamlarinda en son makine dgrenme, derin 6grenme ve federe 6grenme yaklasimlarini
bir araya getiren yenilik¢i yontemler sunmaktadir. Ik olarak, 60 farkli kompozit
malzemeden elde edilen 1150 goriintiiden olusan yeni bir ultrasonik veri seti (UNDT)
tanitilmisti. Hem UNDT hem de halka agik bir baska veri seti lizerinde uygulanan
transfer Ogrenimi yontemleri, DenseNetl21 ve VGGI19 gibi gelismis sinir agi
mimarilerinin  %98,8 ve %98,6’ya varan dogruluk oranlartyla etkinligini
kanitlamaktadir. Bunu takiben, tezin kapsami akustik emisyon tabanli yapisal saglk
izleme alanina genisletilerek, hasar modlariyla giiclii iliskisi bulunan o6zellikleri
belirlemek amaciyla topluluk temelli bir 6zellik secimi metodolojisi sunulmustur.
Genlik ve tepe frekansi etiketleme icin secilmis, ardindan uygulanan denetimsiz
kiimeleme analizleri, hem geleneksel akustik emisyon 6zelliklerinin (6r. sayilar ve
enerji) hem de daha az kullanilan kismi giigler gibi 6zelliklerin farkli kusur tipleriyle
giivenilir bigimde iliskili oldugunu gostermistir. Son olarak, gercek diinyaya uygun,
halka acik ultrasonik veri setlerinin sinirhiligini gidermek amaciyla yenilikgi bir federe
o6grenme yaklasimi gelistirilmistir. Bu dagitik yaklasim, merkezi yontemlere kiyasla
benzer performans seviyelerini korurken veri mahremiyetini de giivence altina alarak
olceklenebilir ve gizlilige duyarhi bir ¢dziim sunmaktadir. Genel olarak, bu katkilar
tahribatsiz muayene alaninda onemli ilerlemeler saglamakta, kusur siniflandirma ve
karakterizasyonunun dogrulugunu ve giivenilirligini artirmaktadir. Boylece, daha
giivenli, isbirlik¢i ve verimli tahribatsiz muayene sistemlerinin gelistirilmesi i¢in kalici
ve saglam bir temel olusturulmaktadir.
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